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Skeletal diseases are often diagnosed in growing dogs, most commonly in large and giant breeds. The connection between mistakes in feeding regime and disturbances of bone development has been illustrated by the negative effects of a lack in calcium (Ca 4 ) 4 intake (1) and the consequences of an oversupply of energy and/or Ca for skeletal health (1) (2) (3) (4) . The inability of puppies to decrease the digestibility of Ca to compensate for a threefold oversupply has already been shown by Hazewinkel and coworkers (3) . In the literature there is only limited information about the digestibility of Ca and phosphorus (P) in puppies with an insufficient intake of those minerals, especially regarding the ability to make optimum feeding recommendations after a period of malnutrition in growing dogs.
MATERIALS AND METHODS
To determine and quantify the ability of growing dogs to alter the apparent digestibility (aD) of Ca and P at various degrees of over-and undersupply at different ages during growth, a feeding trial with 20 healthy Beagles from three litters (10 m/10 f) was carried out from weaning until 6 mo of age. Four groups were formed to carry out three trials of approximately 6-wk duration each (42 to 49 d). The dogs of each group were housed together in a large kennel with access to an outdoor area. A diet based on tripe, rice and cellulose and supplemented individually with minerals and vitamins was fed ( Table 1) .
The amount of the basic ration was given based on the energy requirement of the dogs (5) and the energy content in the diet (6) . The intake of Ca, P and the other minerals and vitamins was determined and balanced individually and exactly with the help of a special supplement for all groups: every single dog of each group got an especially mixed mineral and vitamin supplement, which group was given according to actual body weight and age. Depending on the sources of Ca and P in the supplements were CaCO 3 , Ca-phosphate and Na-phosphate. All but the nutrients in question were supplied to meet or exceed the requirements per kg body weight (5) .
The course of trials was as follows ( Table 1 ). The Ca intake was adjusted to 15, 50, 100 (control), 150 and 300% of the requirement (the Ca and P content in the control diet at the beginning of Trial 1 was approximately 11 g Ca and 8 g P/kg DM; and at the end of Trial 3 approximately 10 g Ca and 7 g P/kg DM). The P intake met the requirements, that is, the Ca/P ratio was altered accordingly when the Ca intake was adjusted. After Trial 1 and without a break in between, the feeding of groups A to C was changed to Trial 2 diets, from oversupply to undersupply and vice versa. In both trials the five dogs of the control group were fed according to the requirements (100%) (i.e., all nutrients met the requirements). After Trial 2 all dogs were changed to a 100% diet for another 6 wk (Trial 3). At the end of each feeding period a balance period of 7 d was carried out; thus there was a washout period of a minimum of 5 wk before the balance period. During the balance period the dogs were housed separately in cages that allowed sampling of feces and urine. The feces were collected quantitatively, then weighed, lyophilized and ground for further analysis. The Ca content was measured with flame emission photometry (7) and the P content by photometry after acid hydrolysis (8) . Body weight was determined every day before feeding.
Data are expressed as means Ϯ SD. Means were compared by Tukey's test to determine significant differences between the groups (P Ͻ 0.05 was considered a significant difference). The study was approved by the Regierung of Oberbayern, which is the proper authority according to German laws on animal welfare (Tierschutzgesetz).
RESULTS AND DISCUSSION
As intended, no impairment of bone health was evident: no clinical symptoms of disturbances of skeletal development 2 Supported by Gesellschaft zur Fö rderung Kynologischer Forschung, Germany. 3 To whom correspondence should be addressed. E-mail: Dobenecker@lrz.uni-muenchen.de. 4 Abbreviations used: aD, apparent digestibility; Ca, calcium; DM, dry matter; f, female; g, gram; kg, kilogram; m, male; n, number of animals; P, phosphorus; tD, true digestibility. were noticeable in any of the Beagle puppies. The weight curve was not influenced systematically by the feeding regime.
In contrast to the aD of Ca, which was highly variable and showed only a tendency to decrease, the aD of P decreased significantly with the age in the control group (100%), as expected (9); so the highest values were measured in the youngest puppies. At the age of 6.5 to 13.5 wk of age (Trial 1) no statistically significant differences in the aD of Ca were seen among the groups ( Table 2 ). This shows that during this age the puppies are not able to adjust the aD according to the intake, as has already been shown by Hazewinkel and coworkers (3) in the case of an oversupply with Ca. The first time a difference between the groups could be measured was in older pups, that is, in Trial 2 (13.5-19.5 wk of age). Here, in the 15% group (group B), a significant higher digestibility of Ca compared to the 300% group (group A) was measured. Neither the control group (100%) nor group C, which was fed with a ration to meet 50% of the Ca requirements, was significantly different from the other two groups. Consequently, no downregulation of the aD of Ca was detectable in the oversupplied group (300%) relative to the control group. In the case of a high Ca intake there is little difference between aD and true digestibility (tD) because endogenous losses can be assumed to be relatively small when compared to the levels of intake and fecal excretion. In addition, endogenous fecal losses have been repeatedly estimated by regression analysis and they appear to be fairly constant in dogs (9) . If the Ca intake is low, the aD is considerably lower than the tD. Therefore it is most unlikely that a significantly higher aD in a group with reduced Ca intake is an effect of endogenous losses. In contrast, the differences in the tD are likely to be more distinct than those in the aD. Trial 3 showed no significant differences in the aD of Ca. At this age the digestibility seemed to be unaffected by the preceding feeding, which makes the influence of carryover effects less likely.
In contrast to the influence of the diets on the aD of Ca, the aD of P was influenced significantly in the youngest dogs (Trial 1). When the Ca intake or the Ca/P ratio did not meet the requirements as in groups A to C, a difference in the values was measured. The aD of P was significantly lower in the case of a Ca oversupply in Trial 1, as Jenkins and Phillips (10) have already described. A distinctly higher mean value for the aD of P was detectable in puppies on a Ca undersupply (15%) and a Ca/P ratio far below 1:1 compared to that of the other groups. A potential mechanism for this observation might be a possible elevation of the blood level of PTH and, as a consequence, a stimulation of the kidneys to form active vitamin D, which leads to a higher absorption of both elements from the gastrointestinal tract. Trial 3 showed no significant differences in the aD of P.
The results demonstrate that dogs younger than 4 to 5 mo are not able to adjust the digestibility of Ca in relation to the Ca intake at 100% of requirements. Not only the inability to downregulate the aD but also the inability to increase the uptake in the case of an insufficient intake in young growing dogs makes it necessary to adjust precisely the daily supply of Ca to the requirements. In contrast, an ability to alter the apparent digestibility of P was already observed in very young dogs. 
